The aim of the study was to identify the effect of fattening of experimental Simmental bulls (a total of 10 animals) with a high-concentrate diet on ruminal mucosa and dimensions of ruminal papillae, and to assess the intensity of keratinization of papillary epithelium. The experimental period lasted from weaning to slaughter (359 days). Histopathological and morphometric examinations of ruminal mucosa indicated that the ruminal papillae of bulls from the experimental group were better developed (long with a lower degree of keratinization) compared to the control group. Significant differences between the experimental and control groups were found in the length of ruminal papillae (p = 0.005), width of stratum corneum (p = 0.034) and degree of mucosal keratinization on the surface of ruminal papillae (p = 0.014). Conclusive results of morphometric analysis prove the facility of the use of morphometrics as a method useful for veterinary pathology, mainly for the accuracy of the histological diagnosis.
The rumen in young suckling ruminants is small, about half the size of the abomasum. It undergoes significant morphological and physiological changes during the growth of the animal. In cattle, the ratio between the rumen and abomasum of 4 week-old-calves is 1:2, at 8 weeks of age 1:1, at 3 months 2:1 and in the adult cattle 9:1 (Rosenberger 1964) .
The ruminal mucosa consists of a multilayer squamous epithelium with significant keratinisation. The lining has papillae of tongue-like shape on the surface with the length of 1-13 mm and width of 0.5-3 mm, and these significantly increase the surface of the ruminal epithelium (Hofmann and Schnorr 1982; Langer 1988; Frappier 2006) . The longest papillae are located in the blunt sacs, at the bottom of the ventral sac and the bottom of the ruminal antrum. The length decreases towards the columns and on the edge there are only low papillae or they disappear completely (Jelínek 1995; König et al. 2004) .
The morphological properties of the gut lining including the size of papillae and their quantity are variable. The pathogenesis of morphological adaptation of the ruminal mucosa depends on several factors, such as age of the animal, composition and quality of feed, fibre content, and type, concentration and ratio of volatile fatty acids (VFA), ruminal content pH, intensity of fermentation processes in the rumen, etc. (Zitnan et al. 2003; Radostits et al. 2007 ). The ruminal papillae are rudimentary in newborn and young animals, therefore the mucosa is relatively smooth and pale (Jelínek 1995; Amaral et al. 2005) . Under physiological conditions, mature papillae are covered with a thin layer of keratinising squamous cells (Frappier 2006) . Morphology of the ruminal mucosa relates to concentrations of volatile fatty acids (VFA), mainly those of butyric and propionic acids. It is characterised by a process of continual changes, from regression to proliferation. The animals fed mainly grain have short, narrow and dark ruminal papillae. Microscopically there is acanthotic, hyperkeratotic or parakeratotic epithelium with hyperpigmentation (Barker et al. 1993; Radostits et al. 2007) .
Cereals have a high content of saccharides. The fattening of cattle with grains is the most intensive form of meat production. Animals fed high concentrate diets show high intensity of growth and high daily weight gain. In the Czech Republic, the system has been used in a lower slaughter weight fattening cattle, so-called "baby-beef" (Chládek 1998 ). Our hypothesis was that ruminal papillae would develop more intensively in the HC group of bulls.
There is absence of literature describing the effects of high-concentrate diet on ruminal mucosa of fattening bulls. The aim of this study was to identify the effect of fattening of bulls with a high concentrate diet on ruminal mucosa and dimensions of ruminal papillae, to assess the intensity of keratinization of papillary epithelium, and to compare the obtained results with those of fattening with forage based feeds.
Materials and Methods
The experiment was performed with 10 Czech Simmental bulls divided in two groups of 5 animals. Experimental bulls (HC group) were fed a concentrate diet (75.0-83.6% of concentrate on dry matter basis) with a low content of forage. The control group were fed a total mixed ration based on maize silage, a typical feed on that farm. The experiment took place from weaning to the slaughter of bulls (359 days). The average age of the HC bulls at weaning was 114 days, control bulls were weaned at an average age of 115 days. Average live weight at weaning of the HC and control bulls was 139.78 kg and 138.56 kg, respectively. Average age at slaughter of the HC and control bulls was 473 and 474 days, respectively. Average live weight at slaughter in the HC and control group was 570.94 kg and 543.33 kg, respectively. The bulls were slaughtered in a standard way in abattoir and their organs were subjected to veterinary and hygienic examinations and morphological assessment.
Samples for histopathological and morphometric examination were collected after the slaughter of the animals from the rumen, from the bottom of saccus ruminis ventralis every time from the same place. The size of the samples was approximately 1 × 1 × 0.5 cm. The tissue was fixed for a period of 72 h after the collection in 10% formalin in a wide neck bottle, whereas the ratio of the quantity of fixation fluid to the fixed tissue was approximately 20:1. Afterwards, the samples were processed using the common paraffin method, stained with haematoxylin-eosine (Clark 1981 ) and evaluated by a light microscope.
The histopathological mounts of the rumen tissue were furthermore morphometrically examined by image analysis using Soft Imaging System Cell F (Imaging Software for Life Science Microscopy, OLYMPUS Soft Imaging Solutions). Five variables were measured in three papillae in each section (Knott et al. 2004) : the length of the papilla (from the base to the apex), the width of the papilla (the distance in the whole extent of the papillar base -also with the epithelium), the width of the epithelium (the distance between the external border of lamina propria mucosae and internal border of stratum corneum at the papillar base), the width of stratum corneum (SC) from the external end of stratum lucidum to the papillary surface and also keratinisation on the surface of the papillae (above the external border of the stratum corneum). The measurements were performed using the function of arbitrary line (Al), the shortest linear distance between the selected initial and final point of the measured object, decisive establishment of the distance between two points. During the measurement of more objects in the visual field, it also has a comparison function, based on which the software creates a statistical report.
Statistical data for morphometry (average values of measurement and standard deviation) were obtained along with the measurements done using the aforementioned computer programme. Measured values were also processed with the statistical software STATISTICA, version 9. Two sample t-tests were used and all 10 values for the group and the measured diameter were compared in order to determine whether the results of the measurement in one group are significantly different from the results of the measurements in the second group (with the significance level of 0.05). For such small number of samples, normal distribution is not anticipated. For less than 20 samples, the validity of t-test can be out of focus. Therefore, non-parametric Mann-Whitney U-test was also used.
Results
During the microscopic inspection of rumen in the HC group we found following changes in ruminal mucosa: long narrow ruminal papillae, a lower degree of keratinisation of ruminal mucosa than in the control group, dilatation and hyperaemia of capillaries of the lamina propriae mucosae and submucosis and edema of submucosis (Plate V, Fig.1 ).
In control group we found long narrow papillae (larger then in the HC group) with a higher degree of keratinisation than in the HC group and no pathological changes (Plate V, Fig. 2 ).
Detailed morphometric values are given in Table 1 . Significant differences between the high-concentrate and control groups were found (by the Student's t-test) in the length of ruminal papillae (p = 0.005), width of stratum corneum (p = 0.034) and the extent of mucosal keratinization on the surface of ruminal papillae (p = 0.014). The verification of statistic results by Mann-Whitney U-test confirmed the results obtained by Student's t-test: lenght of papillae p = 0.0128, width of stratum corneum p = 0.0500 and width of keratinisation p = 0.0074.
Discussion
Length and width of papillae detected in this study were within the physiological range (Hofmann and Schnorr 1982; König et al. 2004 ). However, as other measures obtained were variable and depended on many factors, no standard physiological values were found for them. Therefore these measures were compared with the same indicators measured in the control group.
Feeding the high concentrate diet led to the development of long papillae that were longer but thinner than the papillae observed in the control group. Keratinization of papillae in the high-concentrate group was less extensive compared to the control animals. Hyperaemia of capillaries and oedema of mucosa and submucosa that were observed in the HC animals have been reported to occur in the initial phase of ruminal acidosis (Barker et al. 1993; Radostits et al. 2007) .
Papillae of ruminal mucosa in the HC bulls were more developed. They were longer and showed a lower extent of keratinization as compared with the control group. Differences between the groups were small and changes did not significantly deviate from the physiological values (Hofmann and Schnorr 1982) . The development of long and wide papillae with low degree of keratinization indicated a desired enlargement of ruminal epithelium surface for better absorption and utilization of nutrients. Similar results were reported also by other authors in horned cattle (Zitnan et al. 2003; Khan et al. 2008) , in arctic ruminants (Knott et al. 2004 ) and in goats (Amaral et al. 2005) . However, the hypothesis that long-term fattening with a high concentrate diet causes atrophy, hyperkeratosis and parakeratosis of ruminal mucosa (Hofmann and Schnorr 1982; Baker et al. 1993;  Radostits et al. 2007 ) was not confirmed. This indicates that reduced supply of fibre in the HC group did not impair physiological development of ruminal mucosa. The liquid content of rumen in the HC bulls showed a ruminal dysfunction (mild acidosis), which was confirmed also by tests of ruminal fluid, experimental animals showed significantly lower pH of ruminal fluid, higher total titration acidity and highly significantly higher percentage of total VFA and percentage of propionic acid and valeric acid, and, on the other hand, lower percentage of acetic acid and butyric acid. However, a significant increase of lactic acid concentration (Štercová et al. 2006) was not observed, which probably prevented the development of necrosis and inflammation of ruminal mucosae typical for ruminal acidosis.
In order to optimize ruminal fermentation process, animals should be given a balanced diet (Rosenberger 1964; Štercová et al. 2006 Radostits et al. 2007 ). Lack of structural fibre and excess of easily fermentable carbohydrates in feed can cause disorders of ruminal fermentation in fattening animals, which leads to the development of ruminal acidosis that can turn into metabolic acidosis. A low proportion of structural fibre can also cause forestomach atony or hyperkeratosis and parakeratosis of ruminal mucosa (Barker et al. 1993; Radostits et al. 2007) . After the ingestion of feed with high content of carbohydrates, Gram-positive microflora (streptococci, lactobacilli) proliferate in the rumen, which results in the production of lactic acid (Nocek 1997; Owens et al. 1998) . Lactic acid then causes necrosis and inflammation of ruminal mucosa (Barker et al. 1993; Radostits et al. 2007 ). Alteration of ruminal fermentation can even induce inflammation and abscess formation in the liver and other parenchymatous organs (Barker et al. 1993; Nagaraja and Chenggappa 1998) , laminitis (Nocek 1997 ) and disorders of the nervous system (Barker et al. 1993; Radostits et al. 2007 ).
The obtained results indicate that the desired enlargement of ruminal epithelium surface for better absorption and utilization of nutrients in HC group was achieved. 
